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Chronic excessive alcohol consumption induces cognitive impairments mainly affecting
executive functions, episodic memory, and visuospatial capacities related to multiple brain
lesions. These cognitive impairments not only determine everyday management of these
patients, but also impact on the efficacy of management and may compromise the absti-
nence prognosis. Maintenance of lasting abstinence is associated with cognitive recovery
in these patients, but some impairments may persist and interfere with the good con-
duct and the efficacy of management. It therefore appears essential to clearly define
neuropsychological management designed to identify and evaluate the type and severity of
alcohol-related cognitive impairments. It is also essential to develop cognitive remediation
therapy so that the patient can fully benefit from the management proposed in addiction
medicine units.
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Alcoholism causes a multitude of social and health problems with
negative impact on quality of life and secondary costs to society
(1–3). Evidence suggests that numerous determinants such as envi-
ronmental, individual, and genetic factors could favor evolution
toward alcohol-dependence. These factors may also interact with
each other. Among environmental factors, quality of the neighbor-
hood (4) or socio-economic factors (e.g., lower educational level,
employment status) (5, 6) for example may increase risks of alco-
hol abuse. Individual and psychological characteristics including
comorbid psychiatric disorders (7, 8), early life stress exposure (9),
or impulsivity (10) are also risk-factors associated with chronic
alcohol consumption. In addition, family, twin, and adoption
studies have highlighted that genetic factors play an important
role in the pathogenesis of alcohol-dependence (11–13). Heri-
tability of alcohol-dependence is estimated between 50 and 80%
(14) and is considered as a complex polygenic phenotype. In the
same way, recent studies have examined cognitive endopheno-
type in alcoholism. They have shown that non-alcoholic relatives
of alcohol-dependent individuals performed worse on cogni-
tive tasks (specifically executive functions) and presented greater
impulsiveness compared to control [e.g., Ref. (15)].
From a neurobiological perspective, alcohol-dependence is a
chronic disorder, which implies the dopaminergic system. As
seen in other drugs abuses, alcohol consumption acutely stim-
ulates dopamine (DA) release from the major terminal area of
the mesolimbic DA system, nucleus accumbens (NAC). Enhanced
DA transmission in the NAC plays a critical role in the positive
rewarding aspects of drugs abuses and the initiation of addic-
tive process. Chronic administration is associated with functional
alterations of this important part of the brain reward system. Glob-
ally, dysregulation of the dopaminergic system caused by chronic
alcohol consumption produces drug dependence reinforcement
and is most likely involved in the development of drug addiction
(16–18).
The harmful effects of chronic alcohol consumption on
the brain and cognitive functioning have been well described
in the literature over recent decades (19). Cognitive impair-
ments observed in alcohol-dependent patients not presenting
any other neurological complications are increasingly becom-
ing the focus of attention of addiction medicine profession-
als due to their impact on management, as, according to var-
ious studies, between 50 and 80% of these patients present
impaired cognitive function (20, 21). These impairments are
moderate to severe but usually remain undiagnosed when they
are not specifically investigated. However, detailed neuropsycho-
logical assessment or screening of these cognitive impairments
appears to be fundamental to optimally adapt patient management
strategies.
ALCOHOL-RELATED COGNITIVE IMPAIRMENTS
Neuroanatomical alterations can account for cognitive impair-
ments affecting various functions, primarily executive functions
(22). Fifty to 80% of patients present alterations of cognitive func-
tions that probably impact on their management. However, there
is a marked interindividual variability of the nature and severity
of these impairments.
Ihara et al. (23) defined four profiles in these patients: (1)
no cognitive impairment, (2) isolated executive deficits with
no impairment of memory and global cognitive efficiency, (3)
modified dysexecutive syndrome with memory impairments and
preservation of global cognitive efficiency, and (4) global impair-
ment (executive, memory, and global cognitive efficiency). More
specifically, the dysexecutive syndrome can affect various processes
such as working memory (24), mental flexibility (25), divided
attention (26), decision-making (27, 28), or problem-solving (29).
Disorders of prepotent response inhibition play a predominant
role in addiction medicine to the point that alcohol-dependence
has been described as a “disinhibitory disorder” (28).
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The characteristic profile of alteration of episodic memory in
alcohol-dependent patients comprises limited learning capacities,
impairments of encoding, and recollection processes, difficulties
recalling the temporospatial context and deficits of autonoetic
consciousness, while information storage is preserved (25, 30).
Alteration of executive functions, particularly disorders of inhibi-
tion, flexibility, or dual-task coordination also constitute predictive
factors of memory impairment (25, 30). In contrast, apart from
obvious deficits (i.e., related to dysexecutive syndrome), there is
also probably a genuine impairment of episodic memory likely
due to the hippocampal atrophy observed in these patients (25).
Finally, visuospatial functions are also predominantly affected,
as several studies have demonstrated impaired performances on
visuospatial processing, memory and visual learning, visuospatial
organization, and visuoconstruction tasks (31, 32).
Three main hypotheses have been proposed in the literature to
account for the characteristic cognitive profile observed in alcohol-
dependent patients [see Ref. (31) for a detailed review of these
hypotheses].
The first hypothesis is based on the pervasiveness and impaired
recovery after withdrawal of visuospatial cognitive functions that
are attributed to the non-dominant hemisphere. The right hemi-
sphere would therefore be more susceptible to the neurotoxic
effects of alcohol (32). However, this postulate has been questioned
by contradictory results (31). The second hypothesis proposes that
the increased susceptibility of frontal structures would account for
the cognitive profile dominated by executive deficits (33). How-
ever, this hypothesis also appears to be too restrictive, as other
cerebral structures are also involved (34). The third hypothesis,
based on neuroanatomical and neuropsychological data, recon-
ciles the previous two hypotheses by postulating the existence of
global brain damage (35). In their meta-analysis of neuroanatom-
ical data, the authors emphasized not only the existence of right
hemisphere and frontal lobe lesions, but also lesions affecting other
cerebral regions (medial temporal, subcortical, and cerebellar atro-
phy). The neuropsychological functional deficits observed in these
patients also concern several cognitive functions in both verbal
and visual modalities, which constitutes an additional argument
in favor of the global brain damage hypothesis.
ANATOMICAL LESIONS
Chronic excessive alcohol consumption induces global brain atro-
phy characterized by reduction of brain volume and enlargement
of the ventricles and sulci (36). The severity of brain damage
depends on various factors such as the extent of alcohol consump-
tion, age, gender, and neurological or psychiatric comorbidities
(31). The most susceptible brain structures are the neocortex in the
frontal lobes, the limbic system, and the cerebellum (37). Reduc-
tion of gray matter preferentially involves frontoparietal regions,
while reduction of white matter tends to be more diffuse (22).
More precisely, Kril et al. (38) estimated that chronic alcohol
consumption induced about 15–23% loss of neuronal density in
the frontal regions. This result is concordant with those of a more
recent study,which demonstrated a 20% reduction of the gray mat-
ter volume in the dorsolateral prefrontal cortex (22). Pfefferbaum
et al. (39) showed that aging brain is more sensitive to the deleteri-
ous effects of excessive alcohol consumption. This study indicates
that the profile of brain damage in the frontal lobes varies accord-
ing to the patient’s age even after accounting for the effects of
normal aging and regardless of amounts of lifetime consumption
of alcohol or duration of illness. Therefore, these results indicate
an increased susceptibility of the brain in the elderly according to
the model of alcohol-related premature aging of the brain (40).
Furthermore, many studies have also demonstrated functional
changes with a reduction of glucose metabolism or cerebral blood
flow in prefrontal regions, particularly in the medial temporal
region (37).
Alcohol-related brain damage also concerns the limbic system
and particularly the hippocampus, regions involved in episodic
memory (41–44). The hypothalamus and mammillary bodies are
also particularly susceptible to chronic excessive alcohol consump-
tion, especially when it is accompanied by vitamin deficiencies as
in Wernicke’s encephalopathy or Korsakoff ’s syndrome.
Finally, the cerebellum is also affected in these patients, with
a reduction of the white matter volume in the vermis and cere-
bellar hemispheres (40). A study of the connections between the
cerebellum and frontal regions via the pons and thalamus also
demonstrated alteration of the frontocerebellar circuit (34).
DETECTION AND DIAGNOSIS
In this context, the detection of cognitive impairments in alcohol-
dependent patients is therefore essential and should be system-
atic. The Montreal Cognitive Assessment (MoCA) Test appears
to be the most appropriate screening test for detection of cog-
nitive impairments in these patients (45), as this tool is more
sensitive than the Mini Mental State Examination (MMSE) for
mild-to-moderate cognitive impairments (46). The MoCA Test
can be performed by medical students, medical doctors, or cer-
tified neuropsychologist. Detection of cognitive impairments can
then lead to referral of the patient for neuropsychological diagnos-
tic assessment performed by a clinical neuropsychologist. Neu-
ropsychological assessments can last 2–3 h and are designed to
demonstrate preservation or impairment of the most susceptible
cognitive functions in this population. Clinical neuropsychologists
have at their disposal a battery of tests to evaluate several cognitive
domains such as memory (e.g., California Verbal Learning test and
Doors and People test), executive functions (e.g., Trail Making Test
part B and Wisconsin Card Sorting Test, the Stroop Color Word
test, and the Letter Fluency Test), working memory (Digit Span
and Letter-Number Sequencing test), or processing speed (Digit
Symbol-Coding).
In the alcohol-dependent population, the most susceptible
executive processes to be evaluated are working memory, men-
tal flexibility, inhibition, processing speed, concept formation,
planning, and problem-solving capacities. Evaluation of verbal
and visual memory must focus on encoding, recall, storage,
learning, and recognition capacities, while assessment of visu-
ospatial functions must focus on visuospatial organization and
visuoconstruction capacities.
ALCOHOL CONSUMPTION AND IMPLICIT COGNITIVE
PROCESSES
The study of the implicit mechanisms involved in addictive
behavior has been considerably developed over recent years. The
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addictive problem of alcohol-dependence results from a conflict
between an urge to drink and the desire to limit alcohol intake.
Dual-process models can explain this conflict by the fact that
drinking behavior involves two cognitive systems: an impulsive
system and a reflexive system (47). The impulsive system is a
“bottom-up” system, based on implicit cognitive processes that
play a role in automatic behavior via strong associative memory
between alcohol-related cues,outcome,and behaviors. This system
therefore reinforces the incentive effects between stimuli related
to the addiction (odors, places of consumption, or advertise-
ments related to alcohol, for example) and the addictive behavior.
It mobilizes the dopaminergic system of the amygdala–striatal
circuit. The reflective system is a “top-down” system based on con-
trolled cognitive processes, in which executive functions regulate
the impulsive system to ensure adapted behavior. The underly-
ing network involves various regions of the frontal lobe (lateral
inferior prefrontal, dorsolateral, ventromedial, orbitofrontal, and
frontoparietal) and the striatum. Finally, the insula plays a deci-
sive role in the articulation of these two systems by translating
unconscious interoceptive signals (or somatic states) into con-
scious subjective experiences (desires or needs) involved in the
decision-making process. This system would therefore play a con-
flict management role between a stimulus related to addiction
and a potentially associated somatic state (for example withdrawal
symptoms) in order to guide decision-making.
The interaction between the two systems has been clearly
documented in the field of alcohol-dependence (48). Accord-
ing to this theory, drinking behavior is activated by automatic
processes (impulsive system) unless the subject is able to ensure
control by mobilizing executive functions (reflective system). The
impairment of executive functions observed in alcohol-dependent
patients would therefore predispose to drinking behavior dictated
by the impulsive system. More precisely, disorders of inhibition
capacities and working memory play a predominant role in this
dysregulation of the impulsive system by the reflective system (28,
47, 49–54), thereby resulting in a vicious circle, as chronic exces-
sive alcohol consumption induces working memory and inhibition
disorders that are then responsible for dysfunction of the reflec-
tive system. Finally, alcohol consumption results exclusively from
mobilization of the impulsive system that perpetuates the addic-
tive behavior resulting in continuing deterioration of executive
functions (53).
COGNITIVE AND BRAIN RECOVERY
The study of alcohol-dependent patients also constitutes a model
of brain plasticity, as an increase of brain volume characterized
by increased white matter and gray matter volumes and a reduc-
tion of the size of sulci and ventricles is observed right from the
first months of abstinence (55–60). The cognitive effects of this
recovery consist of improvement of executive functions and verbal
episodic memory (21, 58, 60–65).
In parallel, it has been shown that new brain regions can be
recruited by recently weaned alcohol-dependent patients to com-
pensate for alcohol-related brain damage (66, 67). Neuroadapta-
tion mechanisms therefore enable patients to maintain a similar
level of performance on cognitive tasks to that of control sub-
jects. For example, alcohol-dependent patients recruit neuronal
networks parallel to the frontocerebellar circuit normally used by
control subjects to perform executive tasks (68).
However,although abstinence allows an improvement of cogni-
tive functions, this is only achieved after a period of several months.
A recent meta-analysis showed that, despite studies showing early
cognitive recovery, a global deficit was still present several months
after installation of abstinence and the cognitive profile tended to
become normal only after 1 year of abstinence, while certain resid-
ual cognitive impairments may persist. For example, the presence
of visuospatial function deficits may be observed after several years
of abstinence, related to the decreased volume of the right parietal
cortex (35).
COGNITIVE IMPAIRMENTS AND MANAGEMENT OF
ALCOHOL ABUSE
Appropriate management of alcohol withdrawal is mandatory to
prevent severe complications like delirium tremens or epileptic
seizure. Prevention of Wernicke’s encephalopathy relies on thi-
amine prescription. If benzodiazepines usage and appropriate
rehydration are codified, the dose and duration of thiamine treat-
ment remains unclear (69). Nevertheless long-term abstinence
is the main goal and cognitive behavioral therapy (CBT) and
psychosocial programs are necessary. Adjuvant treatments may
include: glutamate antagonist (acamprosate) or opioid antagonist
(naltrexone).
The presence of cognitive impairments therefore requires adap-
tation of the management of alcohol-dependent patients. CBT
has been demonstrated to be effective in the management of
alcohol-dependence (70), but it is somewhat paradoxical to pro-
pose management that directly involves cerebral structures and
cognitive functions altered by chronic alcohol consumption. This
management approach may therefore be inappropriate or at least
insufficient for a certain number of patients.
The efficacy of CBT would therefore depend on the integrity
of certain brain regions of interest. For example, it has been
shown in schizophrenic patients that the volume of gray matter
in the frontal, temporal (including hippocampus), parietal, and
cerebellar regions, brain regions that are also damaged in alcohol-
dependent patients, is predictive of the efficacy of management
(71). Similarly, the integrity of the frontocerebellar network, a site
of predilection for brain damage in alcohol-dependent patients,
would play an essential role in the efficacy of CBT due to its role
in executive functioning (72).
Cognitive behavioral therapy in addiction medicine also
requires elaborate cognitive capacities such as episodic, seman-
tic and procedural memories, and executive functions (23, 73–
77). This type of management could therefore be unsuitable
for patients with cognitive impairments (25, 77–79). Various
studies have shown that alcohol-dependent patients with the
most severe cognitive impairment also have the least favorable
prognosis (80–82).
Cognitive impairment can also influence the expression of indi-
vidual and environmental factors involved in management, such
as self-efficacy, readiness to change, active participation in group
therapy, or treatment compliance, as the initial cognitive impair-
ment is predictive of poorer treatment compliance and a decreased
self-efficacy. Patients with severe cognitive impairments are also
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less able to use their own resources during management, in which
case the prognosis depends more on the role of external factors
such as group therapy or the family support network (83).
Finally, Le Berre et al. (80) demonstrated the role of cognitive
functions in the motivation process of patients to change their
addictive behavior. In their study, the authors used the motiva-
tional model described by Prochaska and DiClemente (84), which
defines three stages of change as the key to the patient’s commit-
ment to the management process: the precontemplation stage (the
subject has no intention to change his/her behavior), the contem-
plation stage (the subject considers changing his/her behavior but
remains ambivalent), and the action stage (cessation of consump-
tion and setting-up of strategies to change behavior). Based on this
model, the authors showed that episodic memory plays a role in
the subject’s awareness of the addictive behavior and the need for
follow-up. The integrity of this function actually determines the
subject’s passage from the precontemplation stage to the contem-
plation stage. Similarly, the integrity of executive functions enables
patients to weigh up their decisions to reach the action stage,
which can only be implemented when decision-making capaci-
ties are preserved. Cognitive impairment therefore influences the
degree of motivation of alcohol-dependent patients, an essential
prerequisite to the success of management.
The presence of cognitive impairments on admission and dur-
ing the first months of abstinence therefore influences manage-
ment at various levels by determining the efficacy of treatment
and the prognosis for lasting abstinence. Addiction medicine man-
agement must therefore be adapted to alcohol-dependent patients
with cognitive impairments.
COGNITIVE REMEDIATION THERAPY
In the light of these findings, it appears essential to propose
management based on programs ranging from cognitive reme-
diation to optimal use of the remaining capacities. However,
very few addiction medicine units propose cognitive remediation
therapy and very few studies have investigated this problem in
alcohol-dependent patients. The majority of studies in the field
are now relatively old (77, 79) and no longer correspond to current
methodological requirements. However, the results of studies con-
ducted in this field are encouraging. A recent study demonstrated
that a cognitive remediation program was able to improve divided
attention, alert capacities, working memory, and episodic mem-
ory. In addition to cognitive improvement, cognitive remediation
therapy also improves other non-cognitive domains, especially
psychological aspects (well-being, self-esteem) and craving (85).
Studies of the implicit mechanisms involved in addictive behav-
ior also constitute a field of predilection for cognitive remediation.
A series of such studies has shown that training working memory
and inhibition can lessen the impact of these implicit process on
drinking behavior (49, 51, 52, 86, 87). However, the methodol-
ogy of these studies has been the subject of criticism (87) and the
observed modification of drinking behavior also does not appear
to be related to improvement of inhibition capacities but rather to
the formation of new implicit associations promoting an impul-
sive drinking avoidance response (50). Finally, only one of these
studies has proposed a cognitive remediation therapy that can be
transposed to clinical practice (52) and that complies with the
clinical criteria defined in the field of cognitive remediation (88).
The results of these studies therefore need to be confirmed by fur-
ther study protocols satisfying the methodological requirements
in the field of cognitive remediation therapy in neuropsychologia.
CONCLUSION
Data published in the literature suggest that it is essential to
take into account the cognitive dimension of alcohol-dependent
patients in order to adapt their treatment and to palliate their
difficulties in activities of daily living. The brain changes and
the profile of cognitive impairments presented by patients with
chronic excessive alcohol consumption have now been very exten-
sively documented in the literature. The role of these changes on
drinking behavior, especially via the cognitive processes involved
in the mechanisms of addiction, also constitutes a rapidly growing
new field of research. Finally, the impact of these impairments on
the modalities and efficacy of the proposed management is a clin-
ical problem systematically raised in research. The last domain to
be developed in the field of management of alcohol-dependent
patients is therefore that of cognitive remediation, which can
establish the link between the various problems related to cogni-
tive deficits in the clinical management of these patients in order
to propose specific targeted follow-up in a remediation therapy
program devoted to these impairments.
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